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. ABSTRACT
| The three types of artificlal soils produced and tested in the Land
Locomotion Research Laboratory have shown the necessary stability of
mechanical properties and great ease in handling over the wide range of
values reproduced below:

Soil No. c ‘ kc k‘ n
£-32:35 2.05 co 22,0 17.0 0.16
8‘3?"!10 10111 0° 1800 1201 O;Z)
C‘J?“hl 006i8 OO 306 205 0-25
C-32-L3 0.25 0° 0.2 0.9 0.40 :
C-32-50 C.17 0P 0.1 0.3 0.67
€S-33-22 1,06 380 17.0 9.5 0.15
 05=133.23 0.95 380 11.6 8.3 0.17
CS“33“'?h 0076 3& 8.9 602 0018
CS-33-%5 0.38 380 L0 1.8 020
£S-33-26 0.1k 38° 3.4 0.k 0.21
5—3!307.5 0017 ??»5 901 20.}.] 0.h2
'S-3k-10 0.30 1L.5 10.8 18.L 0.L6
S-34-12.5 0.35 9.5 17.0 11.6 0452
5-311-15 Oohh 8-0 2605 6.78 0071

The above data .ndicate a feasibility of producing ertificial soils
of any desired prcperties by using bentonite, sand and glycol, which
eliminates the necessity of using unstable and uncontrollable natural
soils, and simplifies laboratory work.

)
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OBJECTIVE

The objective of this investigation is to establish an artificial
soil mass which would eliminate the absolute necessity of using natural
s0ilis for tast purposes in the laboratory, because of the difficulty in
their handling and controlling. The aim is to cover the entire range
of natural soils, frow frictional tc cohesive, with this stable and
easily producible artificial mixture.

INTRODUCTION

One of the greatast amd most urgent needs in soil trafficability
investigations by laboratory methods is to overcoms the dITficulty of
working with natural soils. Such soils quickly lose their moisture con-
tent, causing changes in the Waﬂﬁim. Some work
has been done in the past in at temp reproduce in the laboratory
the physical conditions encountere¢d in the field. The Bucyrus-Erie Co.
( South Milwaukse, Wis.) has used & mixture of foundry sand and motor oil
with some success in investigating the behavior of sslf-loading scraper-
type earthmoving machinery. In most instances, however, these attempts

have met with very little success, dus to the varied physical and
chemical mixtures possible in the natural state.

It, therefore, appears necessary to approach the problea from an-
other angle. Rather than attempt to physically duplicate natural soils,
work must be directed toward simmlating certain mechanical properties
of various soils in their natural site, by formulating such properties
into an artificial soil mass. These efforts should result in artificially
produced materials whose consistency can be controlled and perhaps varied
by accurate formulation from a near-fluid tc a near-solid state to cover
the major portion of terrain found in off-road operations of lamd vehicles.

To achieva such desired results, it aopears necessary to study and
experiment with a wide variety of inert solids and so-called "binders" in
mixture or compound form which exhibit the required soil properties and
yet remain unaffected by time, usage and normal atmospheri¢ conditions.
In such & manner, it is hoped that complete independence of the use of
natural soils for laboratory test purposes will be attained.

It should be mctad that in all these provosals a secondary, but im-

portant advantags otrer than control of properties, would be gained, i.e.,
stability of prorertiss. Most natural solls have different cohesion and
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friction at different molisture conitert and compection, so that accuratis
control of these two parameters i~ nessssary, in ordor tc obtain repro-
ducible test conditions, and hence reproducible t:sts. Control of the
mechanical properties is obviously necessary far successful experimentation
and 131x>m of the most difficult problems in scale-model vehicle tasting
in soilsy.

The idezl soil mass wuld thus have the following characteristics:

a, Subilit; of the s0lid state regardless of time, oxidation or
other chemical intaraction.

b. Controllability of the soil values and parameters exhibited.

c. Reproducibility of the m is in any quantity using standard or
easily obtainable materials.

In this report, the availadle data on mechanical characteristics of
natural soils were used in simulating artificial soils. "Artsoil™ may be
an appropriate name for the proposed artificial soil mass. The following
1s the dgscription of the progress made. °

DISCUSSION OF THE PROBLEM

The term "clay” is applisd to certain earthy materials which have
been formed by the weathering of rocks containing aluminum silicates,
particularly by the weathering of the mineral feldspar. The outstanding
property of thesc materials is their plasticity when wet and their
rigidity when dry. Clay is the decomnosition product of feldspar or of
rocks containing feldspar minerals. It is of variable composition, de-
pending on the parent rock and on its history after decomposition, but
in general it contains as its chief ingredient hydrated aluminum silicate,
together with some sand amd other materials., A typical decomposition
reaction is as follows: Raference (1) o« « ¢« « « o + ¢ ¢ o 5 o s o o o

K, 0Al, 0y 65i0, + CO, + H,0 = A/,0,-25(0, 2H,0 + 450, + K, (O,
Orthoclase Xaolinite Sand
Feldspar
In the reaction, it is assumed that decomposition has occurred thiough

atmospheric weathering, with CO2? being pressnt in the surface water. The
major portion of clay, consists of kaolinite and quarts. Kaolinite, Aly03.
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25109, 2450 imparts plasticity to the clay, Quartz is not pilastic and,
therefors, reduces the plasticity of the clay; an excess of silica destroys
the cohesiveness of clay.

Plasticity is the outstanding physical characteristic of clay., This
is the nroverty a substance has of deforming continuously under a firite
forces Liks ligquids, plastic solids do not reach a definite deformwtion
under load and then become rigid; they continue to deform indefinitaly,
Unlike liquida, however, plastic solids will not begin to flow until a
definite force is avplied; up to that point they are rigid.

It is not easy to explain vhy ciny possesses this property. The
chemical composition of kaolinite apnsrently is not of paramount importance
in this connection. It is believed that the fineness of the varticles is
of significance., Clay particles are extremely small, of the order of
mgnitude of 1 micron (0.0001 mm), It is believed that theuss fine particles
vhich have an extremely large surface in the aggregate, absorb a thin layer
of water, and that it is this "internal lubrication" which causes the
plasticity of clays, (2) In any event, it is known “hat as the water
content of clay is increased, its plasticity increases up to a maximun.

This may occur ariywhere from 10 to 50%, derending on the nature of the clay.
Further increase in the water content causes the clay to becoms sticky, and
then to becoms a fluid suspension or "slip". (3) Drying the clay down to a
dry powder lacking plasticity is also passible. If the drying is con-
ducted at a low temperature, wetting will cause the clay to regain its

plasticity. On the other hand, firing causes a permanent loss in
plasticity.

The meschanism of plasticization of clays is in dispute, but it seems
probable that the major factor is mechaniczl interference of platy parti-
cles disparsed in the water. (L) It has been demonstrated that plastic
flow can be induced in 1iquid suspensions of asymetric particles, whether
medle-shaped or vlaty, or even mechanical agglomerations of spherical
particles. (5) Asymetric particles can develop mechanical structurs in
the mass at axtraordinarily low volumetric concentrations, particularly
if the ratio of the linear dimensions be high. It seems certain that the
ratio of inter-perticle attraction to the distorting forces likely to act
on a single particle increases as size decreases. This is equivalent to
saying that forces holding the ultimate particle in place decreases.less
rapidly with size than do those inducing movement, Figure 1. (6)

Dispersion of the clays is essential to plasticity. It is connected
with affinity of the liquid for the clay surface; thus clay resists dis-
persion in all organic liquids of low polarity. Dispersion is one of the

mjor results of aging and weathering. It is believed that wvhen ade-

quately dispersed, the surface of esach ultimmte particle is highly hy-
drated, even where agglomeration is considerable. There is alsc some
rarallelism between the base-axchange capacity of clays and plasticity.
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(In Tsble I, the clays are arranged in order of increasing plasticity.)

Table I
Base Exchange Capaclty in Milli-

Type_of Clay Equivalents/100 Gms.

Kaolin 5

Ball Clay 13

Fire Clay 17.5

Fuller's Earth 27

Bentonite 90

Because 2ir dispersed through the clay-water mixture csn greatly
decrease plasticity, de-aeration is being adopted in making bricks, re-
fractories and pottery.

The main differences in the physical characteristics of the two
primary types of soils may be summariged as follows: (7)

Sand Clay
Void ratio low Void ratio high
Negligible cohesion when clean Marked cohesion, depanding on
water content
Internal friction high Internal friction low
Not plastic Plastic
Only slightly compressible Very compressible
Compression takes place Compression takes place slowly
immadiately on application of load over a long period of time
Permeable to water Practically impermeable

METHOD AND THE ATTACK UPOM THE PROBLEM
To sixulate in some way some of the above discussed characteristics
of solls, the following ideas were advanced for experimentation:
1. Graded glass beads (available in graded sizes from 0.005 in. to

0.L0 in. in diameter) mixed with varying quantities of silicore
fluids of varying viscosities.

Army = OTAC » Dutroit
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Modelitig clay with various admixtures of »ils to vary its strength.

Colloifia)l iron in a 1iquid ‘binder and subject to a variable field
vwherein the mechanical pronerties could he controlled by the
strength of the elctro-magnetic field.

Shots of various sigzes and materisls with a binder to scnieve.
varying densities.

Binder constituents (Vehicle): -a. Liquid or pasty materials as
mineral oil, fat and wax combinations; asphaltum; b. synthetics
as glycols, "Plastics", etc.

Solid constituents (Body)

a. Chemically inert powders having high slippage properties as:
Talc (steatite); Mg. Al silicates; titanium and sinc oxides;
kaolin and mgnesiun carbonate.

be Chemically inert powders having high frictional properties as:
Pumice, quartz (sand); slate flour (hydrated aluminum
silicates); emery, tripoli, corundum; mica; crushed garnet;
boron and silicon carbides; aluminum, chromium, and tin oxides.

lhbex;hls to add oplastic character to artsoil. Plasticity of clay
seems to -develop only in particles below 10 micron size. (8)

a. The effectiveness of various materials listed below as possi-
ble ingredients was determined by:

(1) Comprehensive literature survey conducted t¢ evaluate

the nhysical axd chemical ﬂroperties of the various
substances. ,

(?) Preliminary laboratory ~vreriments to aid in the selection
of the commonents.,

b. Laboratory Investigations were conducted to evaluate:
(1) Degree of cohesion and friction snd stress-strain re-

lationships as defined by the soil parameters c, §,
kes ké, and n, (9).

(2) Effect on the paramsters by varying the percentages of
the soil mass constituents.

The following are the materials tested as possible ingredients
for artsoil:

Amay - OTAC =« Dowent



Solid Constituents T i.g’ auid Constituents

Asbestos Ethylens Glycol
Calcite Glycerin
Charcoal Mineral 0ii
FPeldspar Paraffin
Faller's Earth Petrolatum
Glass, Powdered ~
Graphite
Iron Oxide (Red & Black)
Iron, FMlings

.. Infusorial Earth

- Kaolin
Mica
Magnesium Oxide
Quarts:
Rotienstone
Silicon Carbide
Scapstone Talc
Tripoli
Tin Oxide
Zinc Oxide

At the present stage, the three. ingredients decided upon to be used for
the artsoil were volclay, sand, and antifreese. Volclay, a bentonite clay,
is readily available in the clsy groupe. It represants the cohesive ingre-
dient of soils. 3nd, which exhidits frictioml charecteristics, ropre-
ssnts the frictiomal component. Antifreeze was chosen as the liquid con-
stitusnt because of its low volatility, its inertness when mixed with sand
or clay and its ease of availability. The gemeral characteristics of these
matericls are shown in Appendix I,

The -lxlng of the ingredients vas dons in a Hobart S501 Miwer, shown
in the center of the "Soil Processing Room" photograph (Fig. 8 ). The
mnixing procedure was as follows:

1. Veigh and put volclay into mixer.

2. Start miwmer.

3. Veigh and add antifreese gredually.

k. :;m all of the antifreese has been added, continus mixing for
? hour.

The same wixing vrocedure wvas followed for all batches to keep them
consistent and the mixture was transferred to a L' x 4' x 2" box and tamped

to get an even coniistency throughout the batch. Shear and sinkage tests
were made on the samples in the box.

Asmy«  *AC - Doweit
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The test procedure vas as followwst
1. Sinkage:

2. Three different sised footings.
b. Three runs per each footing.
c. Tamp the sample after each sinksge reading.

2. Sheaps

a. Place S* x 5" shear plate in sample meking sure of complete
‘vontact of plate and grousers with the artsoil.

b. load plate with three to five varying loeds and record force
necessary to move the shear plate for each load. Movemsant of
the plate indicates point of rupture or shear of the samdle.

The Bevameter used for the sinkage test is shown in the -photograph
entitled "Load Sinkage - Shear Test Device”, Fig. 9 . The shear plate was
attached to a spring scale to record the force. The sinkage and shear test

‘on the sand and antifreese mixture was made with the combinstion hydreulic

sinkage-shear test apparatus, shown in the "Load Sinkage - Shear Test
Device" photograph, Fig. 10,

To avoid a repetition of the theoretical reasoning bshind the soil
valus parsasters, the reader is referred to the investigations by Mr. M. G.
Bekker. (11) The equation used in relation with the sinksge tests to
deteraine soil valves is:

ﬁ
P = + ) 2 (1)
where
- =z Pressure (Lo.dodutuck or vheel)
4, = Cohesive Modulus of Deformmstion
& = Breadth of the Footing
t' = Mrictional Modulus of Deformation
2 = Sinkage
n = Exvonent of Sinkage

The eauation used to determine soil values with data from the sheer
tests 108

/‘/'

H= A+ wing (2)
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vhere

Force

Cohesion

Ground Contact Area

Weight

Angle of Internal Friction

> ¢ X
A

If equation (?) 1s divided through by the ares A, we have the equation as
used in the plot of Fig. 1.

%: cC + _h‘l_fonf. ..E_ = Shearing Strength (Sg) and

W/A = GCround Pressure or normal stress. The plot used to determine
k,, ke, and n is shown on Fig. 2.

RESULTS
_ A tabmlation of the soil values for three types of artsoils is given
below: |
~ Artsoil [ ke k¢ n
C-32-35 2.05 0° 22.0 17.0 0.16
-!30 1.1" Cp 15.0 12 :1 o.m
-3 0.25 0° 0.2 0.9 0.0
-50 0017 ’ 0° 001 003 0067
CS-33-22 1.06 38° 17.0 9.5 0.15
"23 00” 38° 1106 8.3 0017
-2l 0.76 38° 8.9 6.2 0.18
-?S OO” 380 h.O 108 0.?0
-26 0.1k s8¢ 3.h 0.k 0.21
5-31"705 ~ 0017 ?2.50 901 ?O.h 0oh2
-10 00” ° lhoso 10.8 18.!‘ 00,36
<12.5 0.35 9,50 17.0 11.6 0.52
=15 O.bk 8.0° 26.5 6.8 0.7

An attemot was made to cover the entire range of soil conditions with
these mixtures. The C-3? series (vnlclay and antifreese) attempts to cover
the cohesive portion nf the scale, and the S-34 series (sand and antifreese)
the frictiomal portion of the scale. The CS-13 series (50-50 sand-volclay

Asmy « OTAC ~ Dewrelt



; W ~
9] 7]
N 4 P vy B
o BB s RN NS . BT 28 G T

and antifreese) is midway between the cohesive and frictional mixtures.
The numbers foliowing the series designation denote the weight percert
antifreese added. The graphs in Fig. Li-7 shows the changes in soil values
as the 1iquid content changes.

The test results indicate that a wide range of soil value parameters
can be obtained. It is highly conceivabdle that by changing the consistency
of the mixture and by changing the proportion of ingredients in the mix-
tures, the entire range of naturul soils could be simulated in the

There seems to be no sppreciable chemical reaction between the in-
gredisnts which would alter the characteristics of the mixture, i.e., the
clay mixture retains ite cohesive oropertiss and the sand mixture retains
its frictionsal proverties.

The ingredients mix well and retain their consistency throughout,
excapt in the very high 1iquid content mixtures. The higu liquid content
mixtures appsar to be a case of over-saturation where the excess liquid
rises to the top. The separation of the excess liquid occurs only after
prolonged standing, so a re-mixing arrengessnt will have to be made if this
soft mixture is to be used over a long period of time.

Stability characteristics of the mixtures and the reproducibility of
s0il values from these mixtures have not been investigated at this time.

CONCLU SION

l. The controllability of the artsoil is supsrior to that of natural
soil over any length of tims.

2. The artsoll has a wide range of soil values.

3. There are many different types of soils that can be simulated by
the clay, sand, and antifreese combination. This should cover the entire
range from purely frictional to purely cohesive soils. The materials are
readily available and no special equipment is necessary for preparation of
the soils.

4. To fully erplore the petantial of the proposed artsoil in labo-

ratory use, it is necessary to explore the characteristics of world soils
and see vhether they may be simulated by the discussed mixtures.

h&“‘ﬁ'm



RBCOMENDATI ONS
1. The stability and reproducibility of soil values for ths artsoll

should be investigated over a long period of time, i.e., thm week
intervals for a year.

2. An investigation should be made to~ find the chnmurioticl or
so! ls to be reproduced.

3. A method for preventing solid-liquid separation in saturated art-
soll should be explored.
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APPENDIX
l. Antifreess

The antifreeses is the artic-type Ethylsne Glyeol used in the cooling
systems of internal combustion engines. MIL-C-11755 (Ord), O-E-771A.

2. Sard

#Mined and shipped by the Ottawa Silica Co., Ottawa, Illinois, It is
msrketed as Crystal Silica Sand.

3. Volclay

Volclay, as sold by the American Colloid Co., Chicago, Illinois, is
Mississippl Bentonite. Other types of bentonite clays are mined in
the Black Hills Region of the United States, and prepared in powdered
- and gramulated forms for commercial use.

Minerelogical Composition

The properties of volclay are those of montmorillonite, a clay ml.wumal
of unique charscteristics, vhich constitutes 90% of volclay subatance.
Montmorillonite has the anproximate chemical formula:

H.0- (Al, 04, Fe,05, 3My0)- 4 SiOy- n H,O

The other 108 consists of minute fragmmts of cther minersls, the moet
aburdant being feldspar. There are mmll fractions of gypsum, calcium car-
bonate and quarts, and treces of partially altered volcanic glass, Viotite:
mica, magnetite, limonite, hematite, leucoxerne, apatite amd sircon.

Moisture
AVERAOE CHEMICAL ANALYSIS Mree
Mechanically-held water 0,00%
S11ica (S109) 6l4.32
Alumina (A103) 20.Th
Ferric Oxide (Pe203) 3.0)
Perrous Oxide (Me0) ohb
Titanimm Oxide (T105) .
Phosphoric Acid (P20¢) 01
Lime (Cs0) 52
Nagnesia (MgO) 2.3
Soda (Vagn) 2.59

mum“m
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Hoisture

AVERAGE CHEMICAL ANALYSIS (Cont') Free

Potash (K20) 3

Chemically-held Ha0 S.15
Particle Sise

When dispersed in wster, volchy separatss into extremely fine ylrt.l-
cles, as follows:

96 to 978 finer than Ll microans (325 mesh)
93 to 94% finer than 5 wmicrons
87 to 89% finer than 0.5 microns
60 to 65% finer than O.1 microns

One micron is about 1/25,000 inch. One cubic inch of dry volclay,
vhen disintegrated in water, is estimated to yield 9500 billion in-
dividual flakes, and the total surface area of thess particles is about
one acre in extent.

General

Specific gravity -- 2.75. Actual weight relative to volume depends
on the degree of pulverisation and the pecking and settling.

Index of refreaction -- 1,55,

Rardness 1 to 1.5 (Mohr). Slightly harder than talc.
pH of wvater suspensions about 9.72.

Base Exchange

Volclay has bass exchange proverties; in water solution it gives w»
sodium and potassiun ions and takes in calcium an’! magnesium ions, thus
softening the water slightly. It also enters strongly into base ex--
change vith organic bases, extrecting them from solutions of their sslte.

The exchangeable metallic bases of average volclay, determined
qantitatively by leaching with ammonium acetats, are:

L
i
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Sodium 85.5 m/3 ‘per 100 gms.

Potassium 50
C.lCi“. ?22.0
Magnesium . 1.9
Sum -- corrected 89.2
for Sulphates
Swelling

The rate of swelling depends on the grade and on how handled; all
grades exvend very slowly when water ic noured on them, much faster vhen
they are poured into water. Finely powdered and coarsely granuiated
grades sosk up water slowly; specially sised KWK volclay much -on
rapidly. 7

7/ -

Volclay absorbs nearly S times its veight of water and at full satu-
ration 1% occupies a volums 12 to 15 times its dry bulk. On drying it
shrinks to its original volume. The swelling is reversible -- it can be
vetted (swelled) and dried (shrunk) an 1nt1n1t.c nusber of times, i{ the
vater used is fairly pure.

It absorbs and swells faster in hot water than cold. Does not swell
in alcohol, gascline and similar liquids; swells only slightly in solu-
tions of strong chemicals, as acids, alkalies or salts.

Water Suspensions

When mixed with 7 to 1C parts vater, it makes gelatinous pastes. With
15 to 20 parts water, it forms milky, flowable sols.

Figures are given showing the consistency (vincoait.y) of two volch"
s0ls compared with clear water: y

Determinations By Strommr Viscosimeter

At 600 RPM
Crams Ceniipoises
Clear Water 3 0
5% voleclay
# volclay to 19 water) 70-75 6% - 7
79% volclay
1 volchy to 131/3 vater) 300-350 55 - 60

The sols were tested immadiately after stirring; they would show
higher readings after a fev hours.

Ay = OTAC » Dewelt



UG P Sy S

§

mreome T e e -

A - R

D I S

R T,

In thinner dilutions -- as 1 volclsr to $9 distilled water -- most of
the volclay will remain suspended indefinitely. Even in dilutions as low
as 1 to 500, a considerable mrt will not ssttle. Distilled water must
be used with low volclay concentrations as the electrolyus in tap water
might cause partial flocculation.

Dilute susvensions show Brownian movement -- the particles are in
motion, colliding and repulsing each bther. Heavier slurries exhibit
thixotropy, a kind of gelation that occurs when they stand quiescent, but
which reverts to fluidity on teing shaken or stirred.

Effect of Electrolytes

Particles of vclclay in water carry strong negative charges, causing
them to attract and cling to positively charged particles of matter. When

neutralised by opnosi\;ely charged substances, they floc together, forming

spongelike aggrsgates, and if this occurs in dilute Aispersions, the flocs
will settle. In thicler mixtures, however, as those containing 6% or more
of volclay, the effect of added electrolytss is to increase the viscosity.

Suspensions of volclay are ordinarily difficult to filter, forming im-
penetrable cakes which seal off water. OUne of the effects of neutralising
or flocculating the particles is to mske such suspensions more readily
filterable.

It follows that all Adispersions of volclay are profoundly affectcd by
electrolytes. - The higher the valence of the latter the stronger the ef-
fect; mono-valent cations are mildly active in causing flocculation, di-
valent ones more so nnd tri-valent ones much more %0,

» The order of cdding electrolytes is important. If an electrolyte is
edded to a thick slurry in wvhich the volclay has first been fully hydrated
and swelled, the consistency of the slurry will be increased; but if the

wuter is first treated with an electrolyte and the volclay put in later, the
dispersion will be thinner than a mixture of volclay and clear water.

Temperature of water ani time of standing also are factors. Some
electrolytos will stiffen the slurries temporarily, followed by thinning
after standing deys or weeks; others reverse this action.

Sorption

Monimorillonite molecules, of the varticular kind that constitute
volclay, have the nutstaniing peculiarity of exman’ing accordion-likes in
‘water. This enlarges the svace batween the shvets uf atoms which form the
molecular structure and "ermits the free ingress and - gress of Zons of
varincus kinds,

Asmy « OTAC < Dot
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‘The mobility of the flakes when in suspension brings them in close
contact with other dissolved and suspended substances. Particles of mattsy |
are not only absorbed onto the surface of the bentonits molecule, but
probebly also absorbed within its lattice-lils structure. The avid
sorption of voleclay for other substances -- both organic and inorganic --
is therefore dus to one or more of thess factors: great surface® ares; '
spongy structure; mobility; base-exchange; strong negative polarity. =

| Bond Strength

The maximun adherent powers of volclay in moistered masses with other ’ )
minerasls is exerted vhen the volelay has about SOf availadble moisture.

Effect of Temperature - ) .

The properties of volclay are unaltered at temperatures below L0OO°F,
(205°C.). The chemically held water is progressively driven off when ex- {
posed to higher heats for any length of time and is completely gono st
1200°F. (650°C.). f

Bomnr, if heated to 1000°F. /5 §i§°c.) and quickly cooled, its pro-
perties are nnclumpd '

Its swelling properties decrease progressively in the same ratio as
the loss of chn&cﬂly held water.

Softening begins sbout 1900°P. (1040°C.) and complete fasion occurs

oy e e,

B

st 2LLOOF. (13Lo?C.). | | i

Volelay imparts to masses of other minerals bonded with it an extra-
ordimary "hot strength", i.e., resistance to load pressure while hot. In :
the range of temperatures just ‘below the softening point, its "hot :
nmgt&' far excesds that of other clays. !

Mechanically Held Moisture
Volelay as shipped contains about 7 to 9% moisture. When exposed to
the atmosphere, it wiii siowly gain or luse according to the hwmidity.
vithin the remge between 6% in very dry air tolOlinnist air.

Te oven-dry it to constant moisture recuires L hours at 220 to 230°F,

Ay - OTAC = Detreit
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Base

Fire Clay
Silica
Chromi te
Magnesia
Mullite
Carborundum
Alumina

Zirc .nia

(1)

. "/’/

Mi Ascellﬁgneggs} Infor_ mation

Formula

Sios
F20.Cr203
MgO0

3A1x03. 25109
sic

A1p03

Z'r 09

(?) Some Natiral Clay Chqracterisﬁie:

Chem. Character

‘Neutral
Reidic
Neutral
Bazlic
‘ Neutral
Neutral

Neutral
Neutral

M.P.in °C

Up %o 17509 C
17110

About 2000
2800

1810

Dissoc. 2200

2020
2700

1. Phiti.city of clay increases with addition of weak organic acids.

2. A small smount-of alkaline solution converts sticky clay to a liquid
thin enough to run through a filter cloth.

3. A swall amount of ecid solﬁtim will coagulate clay.

L. Salts may either coagulate a clay or increase the dispersion of the

particles.

Soil

Free flowing sand

Damp samd
‘et Samd
Very Wet Sand
Vary et Sand
Very Wet Sard

-3
£ Water

» O & N O

17

al, HoO/Cu. Ft.

0
1/l
1/2?
3/

1
1-Vk

m‘”“‘m

N
BN
Y \‘\



lhurinl

Water

Clsy, dry

Clsy, damp plastic

Clay & gravel dry
Earth dry loose

Earth dry peclnd

Earth moist loose

Earth moist packed

Esrth mud, flowing
Earth mud, packed

Sand, gravel, dry, loose
Sand, gravel, dry, packed
Sand, gravel, wet

Sand or gravel in water
Sand or gravel & clay in water
Clay in water

River mud

Soil, Wet

Shale

Gravel

Chalk

Didtomite powder
Kaolinite

Modified MoH

15
1l
13
12

[ ]
T
D &

2.6 - 2.63
-5 -
Hardne ss Scale

Diamomi

Bormn Jarbide
Silicon Carbide
Fused alumina

Corundum™

11
10

HRWEVIOAN®O

1‘?-5

Fused z2irconia -
Garret,

Topaz

Quartz or stellite
Vit~eous silica
Orthoclase
Apatite
Fluorite
Calcite

Gypsum

Talc

Kaolinite, pure

18

Densities in Lbs/Cu. Ft.

62.428
63.
310 - 135
100
76
95
78
96
108 - 1720
100 - 115
90 - 125 (10n)
100 - 170
176 - 130
60
65
89
90
0
160
110
1™
10.6
Orig.ﬁgﬁ
10
9.32
9.93
9
8
8
6
5
L
3
2
1l

Amay ¢ OTAC « Dowrent
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(6) Labelins Peretrommter

LOmm = 1.6" psnatration
accuracy = 0.25% full scale

needle bar % needle weigh 50 gms,

axtra 50 & 100 gm. wts. availabie.

Operation as grease venetrometer dessribed in
ASTM D5-47T, D?17-L8, D937-L7T and AASHO TL9-52

(7) Brookfield Viscomster Model RVF

Full scale torque is 7.187 dyms-centimsters

¥ax. cp. = 2,000,000 a% 2 RPM with Spindle #7.
Min. cp. ® 500 at 20 RPM with Spindle f1.

Always state a materials temperature along with its Viscosity.
Viscosity is the measure of fluid friction.
Water at room temperature (68.4°F.; has a viscosity of one certipoise.

Viscosities quol‘t Univ., Seconds

Fluid At Temp °F.
Waber 68.’101'
Glycerine (100%) 60°F
Lub. oil SAE 10 60°F

, SAE 0 60°F

1
1400
100
100

SAE AT 130°F.
ﬂsc . No. Min, Mex.
10 90 120
20 120 185
by 185 255
10 255

50
60
70

80 100,000 @ O°F max.

90 800-1500 @ 100° ¥,
0  120-200 @ 210°F.
260 200 9 ?210°F. win.

Light Minerel oil; sp. gr.
Heavy Mineral oil; sp. gr.

0083‘0.@6 Ave 0.&;5
00875‘00”5 Ave 0009

19

Viscosity (centipoises)

AT 210°F,

Min,  Max.
80
80 105
105 125
12% 150
Aruy - OTAC ~ Dotratt



Figure No. 1
Influence of Particle Sise Upon Flow Characteristics

0.10

0.08

0.06

0.02

10% Clay Suspensions
at 25° C

o 25 50 75 100

Pressure, mm Hg.
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Figure No. 2
Test Data Plot For Determining ¢ and ¢

Artsoll CS5=34=25
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0.5

Dol
3 0.k
.
®
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S
&
0
- 0.3
b
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&
0.2
U
0.1
0 1
0 0.1 0.2 ) 0.3 O.b

Normal Stress, pei
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Pressure, pzi

b0

3.0

0.5

chn No. 3
Test Data Plot Por Determining k,, k‘, &n

Arteoil 05-33-23

0.5 1.0 1.5 2.0 3.0 4.0

Sinkage, Inches
O b [ § 2 ino’ 4 = uov

A bz1.5in,, a =16.5
O b=1in.,, a=20.7
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Figawe No, 4
k, vs. Antifreese Contert For The Three Artsoils
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FPigure No. 6
n ve, Antifreese Content For The Three Artsoils
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